Seven patients (mean age 57 years) developed arterial occlusive lesions following both wrapping and coating during surgery for unruptured aneurysms. Five patients had no risk factors for arteriosclerosis, and two had hypertension or diabetes mellitus. The aneurysms were located in the middle cerebral ar tery in four cases, and the internal carotid artery in three. Both 100%-cellulose cotton (Bemsheet&reg;) and cyanoacrylate glue (Biobond&reg;) were used as reinforcement materials. Postoperative angiography revealed complete clipping, and no parent artery stenoses, although one patient had a non-sympto matic diffuse narrowing in the entire carotid fork 7 days following surgery. Three patients had pro gressive stroke 4-5 weeks following surgery, and two had no symptoms. Both reinforcement materials were used as little as necessary in the last two patients, but they had either transient ischemic attacks or progressive stroke 2 months following surgery. Arterial steno-occlusion was confirmed angiograph ically in all patients. These vascular lesions were probably induced by both direct toxicity of the cyano acrylate glue and fibrosis or granuloma formation caused by the cotton fibers. The observed angio graphical reversibility suggests that the cyanoacrylate glue is more likely to be the cause of the lesions than the cotton fibers.
Introduction
Cerebral aneurysms can be completely obliterated by clipping, but complete clipping cannot always be obtained when, for example, the aneurysm neck has thick atheromatous plaque or the aneurysm dome is too small to be clipped. In addition, an aneurysm may have developed because the major cerebral ar tery had a very thin wall. Therefore, reinforcement of the artery and aneurysm neck by wrapping and coating techniques is frequently performed.914,20) 
Clinical Subjects and Methods
Seven patients (mean age 57 years) presented with unruptured aneurysms (Table 1) . Angiography fol lowing subarachnoid hemorrhage (SAH) showed multiple aneurysms in Cases 2, 4, and 5, who received surgery for the unruptured aneurysms 1-3 months following the first surgery for the ruptured aneurysms at different sites. Cases 1 and 7 under went radiological examinations for headache un related to the aneurysms. Case 6 underwent an giography following cerebral infarction (minor stroke), and received surgery for the unruptured aneurysm 2 months following the ictus. Case 3 received a human dry dock for cerebral disorders, when magnetic resonance (MR) imaging revealed the aneurysm.
None of the patients except Cases 6
and 7 had risk factors for arteriosclerosis, which can induce steno-occlusion in a short period. Cases 6
and 7 had a history of hypertension and/or diabetes mellitus, both of which were controlled well.
We performed both wrapping and coating of the residual neck of the aneurysms following aneurysm dome clipping, and/or on the bleb-like thin wall of the major cerebral arteries, using Bemsheet® (a non-fabric cloth of 100%-cellulose cotton fibers; Kawamoto Co., Ltd., Osaka) for wrapping, and Biobond® (methyl 2-cyanoacrylate monomer + ni trile rubber + polyisocyanate; Yoshitomi Pharma ceuticals Co., Ltd., Osaka) for coating. However, we did not perform circumferential Bemsheet wrapping around the parent arteries.
Results
Postoperative angiography, performed 4-14 days fol lowing the surgery, revealed near complete-to-com plete clipping and no parent artery stenoses, except that Case 3 had a non-symptomatic diffuse narrow ing in the entire carotid fork 7 days following the sur gery. Right carotid angiography showed diffuse stenoses of the internal carotid artery (ICA) (C1 por tion), middle cerebral artery (MCA) (M1-M2), and the horizontal part (A1) of the anterior cerebral artery (not shown), although the postoperative course was uneventful.
The earliest occlusive lesions were observed 7 days following wrapping and coating ( Table 1) . Three of the first five patients had progressive strokes at 4-5 weeks following surgery. We used as little Biobond and Bemsheet as necessary in the last two patients. However, they had either transient ischemic attacks (TIAs) or progressive major stroke 2 months following surgery. The other two patients had non-symptomatic lesions. Angiography of sever al patients confirmed that the M1 stenosis had progressed at 7 weeks following surgery, and had im proved at 6 months to 1 year following surgery. Smaller arteries, such as the anterior choroidal ar tery and MCA branches (M2), were sometimes oc cluded, and the ICA was occluded in one patient. Case 2: A 49-year-old female developed SAH in May 1992. Ruptured anterior communicating artery (AcomA) and unruptured left MCA aneurysms were clipped, and the small residual neck of the MCA aneurysm was wrapped and coated. The postopera tive course was uneventful. Bilateral carotid an giography 17 days after surgery showed complete clipping and no vasospasm (not shown), and she was discharged with no deficits. Preoperative an giography had also shown an unruptured right MCA aneurysm (Fig. 1A) , so she received surgery for this remaining aneurysm 43 days following SAH in June 1992. The small residual neck and the bleb-like thin wall in the distal end of the MCA horizontal part (M1) were wrapped and coated. Postoperative right carotid angiography showed no problems (Fig. 1B) , and she was discharged with no deficits.
She experienced a TIA causing left hemiparesis 38 days following the second surgery. Right carotid an giography showed a 50% stenosis of the distal part of the right M1 (Fig. 1C) . She received antiplatelet therapy, although she had had several TIAs in the 51 days following the second surgery. Angiography showed a progressive stenosis of the right MCA (Fig.  1D) , and a stenosis of the left MCA (M1-M2) (not shown). Computed tomography (CT) 57 days follow ing the second surgery showed a fresh infarction in the right corona radiata. Despite intensive medical care, mild left hemiparesis persisted even after she was discharged. Follow-up right carotid an giography showed improvement of the MCA steno sis (Fig. 1E ). small aneurysm and mild stenosis of the adjacent an terior trunk origin (not shown). The patient was dis charged with no deficits. Preoperative carotid angiography had also shown an unruptured right MCA aneurysm (Fig. 2 left) . She underwent surgery for this remaining right MCA aneurysm in June 1994. Part of the neck remained be cause of atheromatous plaque, so was wrapped and coated (Fig. 3) . Postoperative angiography showed complete clipping and no residual neck (Fig. 2 cen  ter) . Repeat angiography in July 1995 performed to confirm possible aneurysm growth from the residual neck showed 70% stenoses in both right M2 trunks (Fig. 2 right) . Complete disappearance of the left SCA small aneurysm and mild stenosis of the SCA origin were observed, and an AcomA aneurysm was also seen (not shown). She received antiplatelet medi cation, and was followed up with strict blood pres sure control. She hoped to receive surgery for the AcomA aneurysm, and was admitted to our hospital 24 months following the second surgery. Angiographical findings were the same as those of the previous study (not shown). The AcomA aneurysm was completely clipped through the right pterional approach that was used in the previous craniotomy, so the right MCA aneurysm could be ob served. The arachnoid membrane around the aneurysm had thickened, although there was no granuloma around the Bemsheet. The Bemsheet was not firmly adhered to the aneurysm and vessel walls, and could be easily removed. Part of the Bemsheet was removed with the aneurysm dome for histologi cal study. The outer surface of the M2 walls at the lo cation of the angiographical stenoses appeared nor mal, suggesting that proliferative pathology had progressed centripetally to induce the stenoses. She was discharged with no deficits. Histological study showed that there had been an intensive inflamma tion in the past, although whether cause was Bem sheet or Biobond was unclear (Fig. 4) . clipped through a right pterional approach. The residual neck of the MCA aneurysm was wrapped and coated. SAH was not observed. Postoperative an giography showed no problems, although a small aneurysm at the bifurcation of the left ICA and posterior communicating artery was observed (Fig.  5 left) . The last aneurysm was clipped through left pterional approach 37 days following the initial sur gery. A very thin wall at the MCA bifurcation was also identified. Both the residual neck of the aneurysm and the thin wall of the MCA were rein forced using a small amount of Bemsheet and Bio bond. The patient complained of eyelid ptosis and double vision due to left oculomotor nerve paresis 6 days following the second surgery, although CT and MR imaging did not show any cause. Angiography showed no problems (Fig. 5 center) , and she was dis charged with left oculomotor nerve paresis.
She developed speech disturbance and right upper extremity weakness 60 days following the second surgery, and was admitted to another hospital. An giography showed a left ICA occlusion (Fig. 5 right) , and a mild stenosis of the right M1 distal segment (not shown). Her deficits progressed to global apha sia and right hemiplegia, and CT showed an exten sive infarction in the left MCA area. Cotton fibers are chemically stable and there are no reports of direct toxicity to any tissue. The fibers themselves remain unchanged in the tissue for years,') as seen in our Case 4. Bemsheet may allow Biobond to contact with vessels for a longer period, thereby causing the glue to have toxic effects on the surrounding tissue. However, cotton fibers can in duce marked fibrosis and granuloma, which are progressive.',"',") Aneurysm wrapping with only cotton can result in occlusive lesions following granuloma formation.') Therefore, cotton fibers may be a cause of occlusive lesions. In fact, it is un likely that the major artery (ICA) occlusion in our Case 7 was induced by Biobond alone. 
